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DEGRADABLE POLY(VlNyL ALCOHOL) HYDROGELS 

Related Application 

This app„ca„on clatms priori,y ,o ui Serial No. 60,165.531. filed on November 15. 

1999. 

Field of the Invention 
The presen, invemion re,a,es generally to degradable hydros* and more specifically 
,„ degradable po, y ,v,„y, alcohol, (PVA) hyfgels that are su.tab.e for use as b.omatenals. 

Background of the Invention 
Biocompatible hydrogels have beconW a favored material for many biomedrcal 
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biocompaumc iiyu.w 6 v„ . i: 

applications. ,n m any cases. U .s preferable io employ a hydroge, tha, ,s 
Ihe body can rid itse.f of the foreign materia* over a period of rime. One btodegradable 
hydrogel is disclosed in U.S. Pa,en, No. Mfo.0.6 .0 Hubbell =, al. This matena „ made 
from biodegradab,e. polymerize maeronirs having a water soiub.e region a, leas, one 
degradable region which is hydrolyzable ,,»icr in vivo conditions, and free rad.ca, 
poUr^le end groups having the capacity to form addition, covalen. bonds resu ,ng 
macromer interlining, wherein the polymeric end groups are separated from each 
by at leas, one degradable region. In preferred embodiment, the macromers tnclud 
ciral backbone of polyethylene glycol f+ked by degradable regions 
or polylactide, which are in turn Hanked b* polymerizable viny, groups. 

A pnmary disadvantage of the maimers and hydrogels dtsclosed by Hubbe.l ,s 
they are infiexible in design. PEG has only two groups which are easily modified. ■ e 
.erminal hydroxy, groups, and those groups are modified with the biodegradab e and 
polymerizable groups. Moreover. Hubbei, does no, disCose any ways ,n whtc the 
macromers can be modified or in which tie hydrogel can be modified after ,,s f_ 
Also the degradabte PEG materia, developed by Hubbel, e, a,, exhtbits a large degree 
s„e„ing ,n aqueous so,u.ions. which is disadvantageous in many appltcattons 

PVA based hydrogCs are disCosed in U.S. Paten, Nos. 5.508.3 1 7 and 5.93.674 
Mu,ler. However, ,hese hydrogCs are n^t degradable^ ^ 

PVA hydrogels offer many advantages over PEG based hydrogels 
liability of pendant OH groups alongja PVA backbone adds versaulity in terms of the 
valus modifications tha, could be mad* to .he macromer <e.g. attachment o, degradable 
segments, active age„,s, hydrophobic groups, e,c,. 

Moreover, a PVA system with ,fs pendanl OH groups allows 
„ „f ,he anached groups, and th.s is an imponan, feature to have in a macrome. 
Third PEG hydrogels are noted for their superior swelling in aqueous envronm n, T 
lling pro,Ly could be u„desirab,e fer cerrain ap pl ,ca,ions. Wi,h a PVA hydrogel, fhe 
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choice of a suitable PVA (with appropriate attached groups if desired) can yield a non- 
swellable, minimally swellable. or even shrinl^able system. 

Fourth. PVA possesses greater adhesive properties than PEG. This might be desirable 
for certain applications. Furthermore, PVA due to its hydrocarbon backbone has greater 
5 oxidative stability than PEG and it can be stoifed as aqueous solutions as opposed to PEG that 
has to be stored as a freeze-dried powder. | 

Lastly, the preparation of a PVA macrfomer can be done in aqueous medium with a 
final ultrafiltration step for purification. As opposed to this, PEG-based acrylates/ 
methacrylates are prepared in organic solvents, and if not purified well can have toxic 
10 residuals such as triethylamine hydrochloride. 

A disadvantage of the PVA hydrogels that have been developed is that they are not 
dearadable. Accordingly, it would be advantageous to have a PVA hydrogel that is 
degradable and methods for making such hydrogels. Moreover, it would be advantageous to 
have a degradable hydrogel having multiple pendant groups that allow for the attachment ot 
15 various modifiers. 

Summary of the Invention 

The invention is directed to biodegradable biocompatible hydrogels based on 
polyvinyl alcohol) and methods for their preparation. The degradable hydrogels can be 
formed in vivo or ex vivo. The hydrogels can be used for a number of biomedical 

20 applications, including, but not limited to, implants, embolic agents, wound healing dressings, 
adhesion prevention, sealants, bulking agents, coatings for biomaterials, and delivery of 
biologically active compounds such as drugs;, genes, proteins, and enzymes. The hydrogels 
are advantageous in that the PVA backbone ban be easily modified and can provide hydrogels 
having very different properties. 

25 The methods for preparation of the hVdrogels involve the use of prepolymers. The 

prepolymers have a PVA backbone and pendant chains that include a polymerizable group. 
In one embodiment, the pendant chains also|include a biodegradable region. In another 
embodiment, biodegradable regions are incorporated into the hydrogel during its formation. 
In a first general embodiment, a PVA prepolymer having crosslinkable groups and a 

30 second component having a degradable region flanked by crosslinkable groups are combined 
under conditions suitable for crosslinking trie groups. The resulting hydrogel that is formed 
contains PVA chains linked by degradable tjegions. 

In a second eeneral embodiment, PVA prepolymers are formed having pendant 
crosslinkable groups separated from the PVA backbone by a biodegradable region. 

35 Hydrogels are formed by exposing the prepblymers to conditions that initiate crosslinking of 
the crosslinkable groups. 
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The many pendan, hvdroxyl groups ofjpVA allow urea, versa.ilitv in des.gn of 
„ v dro C els wi.h desired charac.eris.ics. Sunabjc hydrogels can be formed w,.ho». hav,ng.o 
emplov each of ,he hvdroxyl groups for arming crosslink* .roups. Cenain hydroxy, 
.roups can be modified before .he prepolvnrei is formed, after ,he prcpoiymer is .ormed. or 

< even after the hydrogel is Ibrmed. j 

Brief Description of the Drawings 
Figure , illus.ra.cs .he mass loss overj ,ime in P H 7., buffer for a hydroge, made from 
a 3 -es.cr acryia.e modified PVA a, 1 me* crosslink dens.ry. . .ndica.es ,he degradanon 
at 37C: ■ indicates the degradation at 50C. j 

Figure 2 illustrates the mass loss for k hydrogel made from 3 -ester acry.ate modified 
PVA in pH 9 0 buffer. . indicates the degradation at 0.5 meq/g crosslink density and >0C: 
A indicates the degradation at 0.5 meq/g croksUnker density and 70C; x indicates the 
delation at . .0 meq/g crosslinker density and 50C: . indicates the degradation at . .0 n^g 
co^slinker density and 70C: . indicates ^degradation at . .8 meq/g crosslink, dens.ty and 
, s 50C- and I indicates the degradation at 1 .8 meq/g crosslinker density and 70C. 

Figure 3 illustrates the mass loss fbr| a hydrogel made from 3-ester melhacrvlate 
modified PVA at I meq/g crosslinker density in pH 7.4 buffer. ♦ indicates an average wet 
weight of four samples at 37C (wet): A indicates the degradation at 50C (wet); . indicates 
the degradation at 37C (dry); and x indicates the degradation at 50C (dry). 

~ Figure 4 illustrates the mass loss 4 a hydrogel made from 5-ester acrylate modified 
PVA at I meq/g crosslinker density in 10 HEPES buffer at pH 7.4 and pH 9.0. ♦ 
indicates the degradation at 37C and pH 714; . indicates the degradation at 37C and pH 9.0; 
A indicates the degradation at 70C and P R 7.4: and x indicates the degradation at 70C and 

pH9.0. [ ,._ , 

Figure 5 illustrates the mass loss fpr a hydrogel made from 5-ester acry.ate modified 

PVA at 1 meq/g crosslinker density in 0. l| M phosphate buffer at pH 7.4 and pH 9.0. ♦ 
indicates the degradation at 37C and pH \a; ■ indicates the degradation at 37C and pH 9.0; 
A indicates the degradation at 70C and p^ 7.4: and x indicates the degradation at 70C and 
pH 9.0. 

Detailed Description of the Invention 
Biodegradable hydrogels based oL polyvinyl alcohol) have been deve.oped wh.ch 
can be rapidlv formed in an aeneous surrounding, e.g.. ■« W». The PVA based hydrogels 
can be designed .o degrade as fas. as a fjw hours ,o more than I year. Degradanon ra.es are 
defined .n one respec. by selection of an appropria, degradable region. For example, use 
„ of hvdroxyemy, me,hacry,a.e (HEM AvU- as >h= biodegradable/ crosslink groups 

, ! . a .f,; .(.tpr methacrvlate such as mono-2- 
will likely provide faster degradation than the use of a ,-ester methacry 

3 
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(methacryoyloxy)ethyl succinate. Other factors that will affect the degradation rate are the 
density of the pendant chain bearing the degradable region, the length of the degradable 
region, the hydrophobicity of the network, and the crosslinking density. 

Two Component Embodiment 
5 In one embodiment, the hydrogels are formed by crosslinking two components. 

Component A is a prepolymer having a PVAj backbone having pendant chains with 
crosslinkable groups, and component B is a molecule having a degradable region flanked by 
crossiinkable groups. 

Component A: Prepolymer Backbone with Polvmerizable Groups 

10 PVA 

The prepoiymers have a backbone of; a poly hydroxy polymer, such as PVA or 
copolymers of vinyl alcohol that contain, fori example, a I.3-diol skeleton. The backbone can 
also contain hydroxy! groups in the form of j.2-glycols. such as copolymer units of 1.2- 
dihydroxyethylene. These can be obtained, for example, by alkaline hydrolysis of viny l 

15 acetate-vinylene carbonate copolymers. Other polymeric diols can be used, such as 
saccharides. 

In addition, the prepoiymers can also; contain small proportions, for example of up to 
20%. preferably of up to 5%. of comonomen units of ethylene, propylene, acrylamide, 
methacrylamide. dimethacrylamide, hydroxyethyl methacrylate, alkyl (meth)acryiates. alkyl 

20 (meth)acrylates which are substituted by hydrophilic groups, such as hydroxyl, carboxyl or 
amino groups, methyl acrylate. ethyl acrylate. vinylpyrrolidone. hydroxyethyl acrylate. allyl 
alcohol, styrene. polyalkylene glycols, or similar comonomers usually used. 

Polyvinyl alcohols which can be used as prepolymer backbones are commercially 
available PVAs. for example Vinol 0 107 from Air Products (MW=22,000 to 31.000. 98-98.8 

25 % hydrolyzed). Polysciences 4397 (MW=25,000. 98.5 % hydrolyzed), BF 14 from Chan 
Chun. Elvanol® 90-50 from DuPont and UB- 1 20 from Unitika. Other producers are. for 
example. Nippon Gohsei (Gohsenol®). Moir|santo (Gelvatol®). Wacker (Polyviol*) or the 



Japanese producers Kuraray. Deriki. and Sh 



in-Etsu. In some cases it is advantageous to use 



Mowiol® products from Hoechst. in particular those of the 3-83. 4-88, 4-98. 6-88. 6-98. 8-88. 
30 8-98. 10-98, 20-98 , 26-88, and 40-88 types.; 

It is also possible to use copolymersjof hydrolyzed or partially hydrolyzed vinyl 
acetate, which are obtainable, for example, as hydrolyzed ethylene-vinyl acetate (EVA), or 
vinyl chloride-vinyl acetate. N-vinylpyrroIidone-vinyl acetate, and maleic anhydride-vinyl 
acetate. If the prepolymer backbones are, fcir example, copolymers of vinyl acetate and 
35 vinylpyrrolidone, it is again possible to use commercially available copolymers, for example 
the commercial products available under the name Luviskol^ from BASF. Particular 
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examples are Luvisko. VA 37 HM. Luv.sko. k 37 E and Luvisko. V A 28. If the prepolymer 
backbones are polvvinyl acetates. Mowilith 30 from Hoechst is particularly suitable. 

Polvvinv. alcohols that can be derivfced in accordance with the invention preferably 
have a molecular weieht of at least .0.000. .f s an upper limit, the polyvinyl alcohols may 
< have a molecular weight of up to 1 .000.000.} Preferably, the polvvinyl alcohols have a 
secular weight of up to 300.000. especially up to approximate* 100.000 and espectaUy 
preferablv up to approximately 30.000. | 

The polwinvl alcohols usually have a poly(2-hydroxy)ethylene structure. The 
po.yv.nyl alcohols derivatized in accordance with the disclosure may. however, also compr.se 
I o hvdroxv groups in the form of 1 .2-glycols. j 

The PVA system can be a fully hydrolyzed PVA. with all repeating groups being - 
CI T-CH(OH). or a partially hydrolyzed PVA with varying proportions (25% to 1%) of 
pendant ester uroups. PVA with pendant eiter groups have repeating groups of the structure 
CH~CH(OR) where R is COCH, aroup or longer alkyls. as long as the water solubility of the 
, 5 PVA is preserved. The ester groups can alio be substituted by acetaldehyde or butyraldehyde 
aceials that impart a certain degree of hydrbphobicity and strength to the PVA. For an 
application that requires an oxidatively stable PVA. the commercially available PVA can be 
broken down by NaKVKMnO, oxidation to yield a small molecular weight (3-4K) PVA. 
The PVAs are prepared by basic or acidic, partial or virtually complete hydrolysis of 
, 0 polvvinvl acetate. In a preferred embodiment, the polyvinyl alcohol derivatized in accordance 
with the invention comprises less than 50^ of vinyl acetate units, especially less than about 
25% of vinvl acetate units. Preferred amounts of residual acetate units in the polyvinyl 
alcohol derivatized in accordance with the invention, based on the sum of vinyl alcohol units 
and acetate units, are approximately from|3 to 25%. 
2j The prepolymers contain pendant igroups that can be crossiinked to one end of the 

component B molecules. Various crosslink groups can be used. 
Crosslinkable Groups j 
Crosslinking of components maylbe via any of a number of means, such as physical 
crosslinkine or chemical crosslinking. Physical crosslinking includes, but is not limited to, 
,0 complexion, hydrogen bonding, desolation. Van der wals interactions, and ion.c bonding. 
Chemical crosslinks can be accomplished by a number of means including, but not l,m,ted 
to, chain reaction (addition) polymerization, step reaction (condensation) polymerization and 
other methods of increasing the moleculkr weight of polymers/oligomers to very high 
molecular weights. Chain reaction polymerization includes but is not exclusive to free radical 
35 polymerization (thermal, photo, redox, ^tom transfer polymerization, etc.), cat.on.c 
polymerization (including onium). anionic polymerization (including group transfer 
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polymerization), certain types of coordinaiion|polymerization. certain types of ring opening 
and metathesis polymerizations, etc. Step reaction polymerizations include all 
polymerizations which follow step growth kinetics including but not limited to reactions of 
nucleophiles with electrophiles. certain types of coordination polymerization, certain types of 
ring opening and metathesis polymerizations, jetc. Other methods of increasing molecular 
weight of polymers/oligomers include but areinot limited to polyelectrolyte. formation, 
grafting, ionic crosslinking. etc. 

In one embodiment, a two part redox system is employed. One part of the system 
contains a reducing agent such as ferrous salt] Various ferrous salts can be used, such as 
ferrous gluconate dihydrate, ferrous lactate dihydrate. or ferrous acetate. The other half of the 
solution contains an oxidizing agent such as Hydrogen peroxide. Hither or both of the redox 
solutions can contain macromer. or it may be|in a third solution. The two solutions are 
combined and the agents react to initiate the crosslinking. 

Other reducing agents can be used, such as ? but not limited to cuprous salts, ccrous 
salts, cobaltous salts, permanganate, and mariganous salts. Other oxidizing agents that can be 
used include, but are not limited to. t-butyl hydroperoxide, t-butyl peroxide, benzoyl 
peroxide, curnyl peroxide, etc. 

The crosslinkabie groups consist preferably of the following groups: 
(meth)acrylamide, (meth)acrylate. styryl. vinyl ester, vinyl ketone, vinyl ethers, etc. 
Specific Prepolvmers 

Prepolymers suitable for use are disclosed in U.S. Patent Nos. 5.932.674. 5.508.317. 
5,665.840. 5,849,841, 6,01 1,077, 5,939.489.jand 5,807,927. 

In one embodiment, units containing a crosslinkabie group conform, in particular, to 

the formula I 



CH 
O 



C 



R- 



H 2 



CH 



.0 

C R 2 




■N- 



in which R is a linear or branched C 



-R, 



-Cx alkvlene or a linear or branched C r Ci: 



alkanc. Suitable alkylene examples include bctylene. hexyiene, pentyiene, butylene, 
propylene, ethylene, methylene, 2-propylene, 2-butylene and 3-pentylene. Preferably lower 
alkylene R has up to 6 and especially preferably up to 4 carbon atoms. The groups ethylene 
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and bu.vlene are especially preferred, induce. ,n particular, methane, ethane, n- or 

isopropane. n-. sec- or ren-burane. n- or iso^.an, hexane. heprane. or oc.ane. Prelerred 
..roups contain one .o lour carbon atom, in jocular one carbon atom. 
' R, is hvdro s e„. . C-C alRyl. or a «^-M- ** ^ °' _ 

bury, and R : * hydrogen or ,C,-C ** f example, methyl, erhyl. propyl or buryl. R. - 

R, are preferably each hydrogen. 

Rj is an oleflnically unsaturated electron attracting copo.ymer.zab.e radical hav.ng up 

,o 25 carbon atoms. In one embodiment. K ? has the structure 



O 

c- 



•R 4 -(-N- 



•c;o- 



r 5 
c= 



■CH, 



n 



10 w here Rj is the 
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25 



:CH- 



group if n=zero, or the 



r 

■c4 



bridge if n=l: I 

R 5 is hydrogen or C-C, alkyl. fof example, n-butyl. n- or isopropyl. ethyl, or methyl: 

n is zero or 1. preferably zero; and 

R 6 and R 7; independently of one another, are hydrogen, a linear or branched C-C 
alkyl aryl or cyclohexvl. for example one of the following: octyl, hexyl, pentyL butyl, propyl, 
ethyl, methyl, 2-propyl, 2-butyl or 3-pe^tyl. R 6 is preferably hydrogen or the CH 3 group, and 
R 7 is preferably a C-C alkyl group. R 6 |and R 7 as aryl are preferably phenyl. 

in another embodiment, R 3 is an|olefinically unsaturated acyl group of formula R 8 - 
CO- in which R 8 is an oleflnically unsaturated copolymerizable group having from 2 to 24 
carbon atoms, preferably from 2 to 8 carbon atoms, especially preferably from 2 to 4 carbon 
atoms The oleflnicallv unsaturated copblymerizable radical R* having from 2 to 24 carbon 
atoms is preferably a.keny. having fronj 2 to 24,arbon atoms, especially a.keny. having from 
•> to 8 carbon atoms and especially preferably a.keny. having from 2 to 4 carbon atoms, for 
example ethenv., 2- P ro P eny>. 3-propeny.. 2-buteny.. hexenvl. octeny. or dodecenyl. The 



WO 01/44307 



PCTYUS00/42190 



10 



15 



20 



25 



30 



35 



groups ethenyl and 2-propenyl are preferred, so that the group -CO-Rx is the acyl radical of 
acrylic or methacrylic acid. j 

In another embodiment, the group R? jis a radical of formula 

-[CO-NH-(I<g-NH-CO-0) q -Ri(r01 P -dO-R R 
wherein q and q are zero or one and 

Rq and Rio are each independently lovver alkylene having from 2 to 8 carbon atoms, 
arytene having from 6 to 12 carbon atoms, a saturated divalent cycloaliphatic group having 
from 6 to 10 carbon atoms, arylenealkylene or alky lenearylene having from 7 to 14 carbon 
atoms or arylenealky lenearylene having from 13 to 16 carbon atoms, and 

R 8 is as defined above. 

Lower alkylene Ro or R t0 preferably has from 2 to 6 carbon atoms and is especially 
straight-chained. Suitable examples include propylene, butylene. hexylene. dimethylethylene 
and. especially preferably, ethylene. 

Arylene Ro or R l0 is preferably phenylene that is unsubstituted or is substituted by 
lower alkyl or lower alkoxy, especially 1.3-phenylene or 1 .4-phenylene or methyl- 1.4- 
phenvlene. 

A saturated divalent cycloaliphatic group Rq or R m is preferably cyclohcxylene or 
cyclohexylene-lower alkylene. for example cyclohexylenemethylene. that is unsubstituted or 
is substituted by one or more methyl groupsj such as. for example, 
trimeihylcyclohexylenemethylene. for example the divalent isophorone radical. 

The arylene unit of alkylenearylenc 6r arylenealkylene Rq or Rio is preferably 
phenylene, unsubstituted or substituted by l0wer alkyl or lower alkoxy. and the alkylene unit 
thereof is preferably lower alkylene. such asf methylene or ethylene, especially methylene. 
Such radicals Rq or R I0 are therefore preferably phenylenemethylene or methylenephenylene. 

Arylenealkylenearylene Rq or R, 0 is preferably phenylene-lower alkylcne-phenylene 
having up to 4 carbon atoms in the alkylenejunit, for example phenyleneethylenephenylene. 

The radicals R 9 and R U ) are each independently preferably lower alkylene having from 
2 to 6 carbon atoms, phenylene. unsubstituted or substituted by lower alkyl, cyclohexylene or 
cyclohexylene-lower alkylene, unsubstituted or substituted by lower alkyk phenylene-lower 
alkylene, lower alkylene-phenylene or phenylene-lower alkylene-phenylene. 

The divalent group -R 0 -NH-CO-O- is present when q is one and absent when q is 
zero. Prepolymers in which q is zero are preferred. 

The divalent group -CO-NH-(Rg-N$-CO-0) q -Rio-0" is present when p is one and 
absent when p is zero. Prepolymers in which p is zero are preferred. 

In prepolymers in which p is one. q jis preferably zero. Prepolymers in which p is one. 
q is zero, and R (0 is lower alkylene are especially preferred. 

I 8 
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All of the above aroups can be mo4-bs.itu.ed « polysubsu.uted. examples of 
sui ,able subs.ituents be.ng .he foliowing: C,-fc, alky,, such as methyl. e,hy, or propy,. - 
COOH -OH -SH. C.-C, alkoxy (such as meW ethoxy. propoxy. bu.oxy. or ,sobu,oxy>. - 
NO- -NH„ W.-O). -NH-CO-NH, -N.C.-O aikvlh. phenyl .unsubsta.ed or 
. subs,,,u.ed by. for example. -OH or halogen) sue. as C Br or especraily I, -StC,^ a 
6-membered heterocyclic ring, such as! in panicuiar. Mole or .m.dazole. -NH-C(NH)- 
NH- phenoxvphenyl (unsuns.ituted or subsisted by, ,br example. -OH or halogen, such as 
C, Br or especia.lv ,, an olefmic group, suk as erhylene or vinyl, and CO-NH-C(NH,-NH, 
Preferred substituents are lower alkyl which here, as elsewhere in .his descr.pt.on. ,s 
,„ preferably C,-C, allyl. CO alkoxy. Cook SH. -NH : . *,C alkyl). -N.C.-O alkyl): 
„r halogen. Panicuiar preference is given «j C-O alkyl. G-G alkoxy. COOH and SH. 

For .he purposes of .his invention, chalky! is. in panicuiar. cycloalkyl. and aryl ,s. 
in particular, phenyl, unsubstimted or substituted as described above. 

Modifiers \ 
The prepolymers can include furthejr modifier groups and crosslmkable groups such as 
those described in U.S. Patent No. 5,932.674. Crosslinkable groups and the optional further 
modifier croups can be bonded to the prepplymer skeleton in various ways, for example 
through a certain percentage of the U-dioil units being modified to give a 1 .3-dioxane, which 
contains a crosslinkable radical, or a further modifier, in the 2- P osition. Modifiers that m.ght 
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be attached to the hydroxyls include those 



to modify the hydrophobicity. active agents or 



eroups to allow attachment of active agents, photoinitiators. modifiers such as polymers or 
molecules to enhance or reduce adhesiveness, polymers to impart thermoresponsiveness. 
polymers to impart other types of responsiveness, and additional crosslinking groups. 
Com ponent B f 

Component B is a molecule having a degradable region Hanked by crosslinkable 
Groups. Component B contains at least l|group capable of crosslinking with the crosslinkable 
uroups of component A. Component B ajlso includes at least one group capable of 
crosslinking with other components B afiler they have been attached to component A. I he 
mechanism by which component A crosslinks with component B can be different than the 
mechanism bv which component B crosslinks with other component Bs after they are 
attached to component A's. When component A is a specific prepolymer as described above, 
component B includes a group capable off crosslinking with the olefinica.ly unsaturated group 
of component A. Component B can include other copolymers in addition to the degradab.e 
region and crosslinkable group. | 
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Cross! inkuhie Groups 
Any of the crosslinkable groups described above with respect to component A can 
also be used on component B. Different type? of crosslinking may be employed for 
crosslinking of A to one end of B and of B wjth other B's. 
5 Degradable Regions 

The degradable region is preferably degradable under in vivo conditions by 
hydrolysis. The degradable region can be eiuymatically degradable. For example, the 
degradable region may be polymers and oligomers of glycolide. lactide. s-caprolactone. other 
hydroxy acids, and other biologically degradable polymers that yield materials that are non- 
10 toxic or present as normal metabolites in the body. Preferred poly(cx-hydroxy acid)s are 
poly(glycolic acid). poly(DL-lactic acid) and poly(L-lactic acid). Other useful materials 



include poly(amino acids), poly(anhydrides), 



poly(orthoesters), poly(phosphazines), and 



poly(phosphoesters). Polylactones such as po!y(e-caprolactone) r poly(e-caprolactone). 

poly(5-valerolactone) and poly(y-butyrolactohe), for example, are also useful. Enzymatically 
15 degradable linkages include poly(amino acidi), gelatin, chitosan. and carbohydrates. The 

biodegradable regions may have a degree of polymerization ranging from one up to values 

that would yield a product that was not substantially water soluble. Thus, monomeric, 

dimeric, trimeric. oligomeric, and polymeric regions may be used. The biodegradable region 

could, for example, be a single methacrylate jgroup. 
20 Biodegradable regions can be constructed from polymers or monomers using linkages 

susceptible to biodegradation. such as ester, acetal. carbonate, peptide, anhydride, orthoester, 

phosphazine, and phosphoester bonds. 

Methods of Making Biodegradable FVA Hydrogels from Components A and B 

Methods for Making the Prepoivmers 
25 Methods for making the prepolymersj are taught in the U.S. Patents to Muller cited 

above. j 

The prepoivmers of formulae I are extraordinarily stable. Spontaneous crosslinking 
by homopolymerization does not typically ofccur. The prepolymers of formula 1 can 
furthermore be purified in a manner known per sc. tor example by precipitation with acetone, 

30 dialysis, or ultrafiltration. Ultrafiltration is especially preferred. By means of that 

purification process the prepolymers of formula I can be obtained in extremely pure form, for 
example in the form of concentrated aqueous solutions that are free, or at least substantially 
free, from reaction products, such as salts, and from starting materials. 

The preferred purification process for the prepolymers of the invention, ultrafiltration, 

35 can be carried out in a manner known per sc. It is possible for the ultrafiltration to be carried 
out repeatedly, for example from two to tenftimes. Alternatively, the ultrafiltration can be 

ho 
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carried oul continuously until the selected degree of purity is attained. The selected degree of 
purity can in principle be as high as desired, k suitable measure for the degree of purity is, 
for example, the sodium chloride content of the solution, which can be determined simply in 

known manner. j 
5 The prepolymers of formulae 1 are crbsslinkable in an extremely effective and 

i 

controlled manner. 

Methods for Making Hvdrogels f 

The methods of making a hydrogel fjom components A and B involves combining the 
components under conditions suitable for crosslinking of components A and B and. 
10 optionally in a second step, crosslinking of components B after they have been attached to 

components A. f 

The crosslinking is suitably carried (jut in a solvent. A suitable solvent is in principle 
any solvent that dissolves components A anjl B. for example water, alcohols, such as lower 
alkanols. for example ethanol or methanol, also carboxylic acid amides, such as 

is dimethylformamide. or dimethyl sulfoxide, |and also a mixture of suitable solvents, such as. 
for example, a mixture of water with an alcfchol. such as. for example, a water/ethanol or a 
water/methano! mixture. The combination of A and B is preferably carried out in a 
substantially aqueous solution. In accordance with the invention, the criterion that the 
prepolymer is soluble in water denotes in particular that the prepolymer is soluble in a 

20 concentration of approximately from 3 to 9jo% by weight, preferably approximately from 5 to 
60% by weight, in a substantially aqueous solution. Insofar as it is possible in an individual 
case, prepolymer concentrations of more than 90% are also included in accordance with the 

invention. f 

Within the scope of this invention. 'substantially aqueous solutions of the prepolymer 
25 comprise especially solutions of the prepolymer in water, in aqueous salt solutions, especially 
in aqueous same solutions that have an osmoiarity of approximately from 200 to 450 
milliosmol per 1000 ml (unit: mOsm/1), preferably an osmoiarity of approximately from 250 
to 350 mOsm/l. especially approximately 300 mOsm/1, or in mixtures of water or aqueous salt 
solutions with physiologically tolerable polar organic solvents, such as. for example, glycerol. 
30 Solutions of the prepolymer in water or injaqueous salt solutions are preferred. 

The viscosity of the solution of th<| prepolymer in the substantially aqueous solution 
is. within wide limits, not critical, but the ( solution should preferably be a flowable solution 
that can be deformed strain-free. 

The molecular weight of the prepolymer is also, within wide limits, not critical. 
35 Preferably, however, the prepolymer has a molecular weight of from approximately 3,000 to 

i. 

approximately 200,000. most preferably from about 3.000 to 30,000. 
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Components A and B are preferably bombined such that a hydrogel is formed having 
crosslinking in an amount of from approximately 0.25 to 10 milliequivalents of crosslinker 
per gram of PVA (meq/g), more desirably about 0.25 to 1 .5 meq/g. 

In order to encourage inter crosslinking between A and B prior to intra crosslinking 

5 of A with A or B with B, a large excess of E3j can be used, such as a ten fold increase. It is 
possible that a partially degradable hydrogelfwill result from this system. Such a partially 
degradable hydrogel may be desirable for so|me applications. 

Preferably, the prepolymers used in the process according to the invention can be 
purified in a manner known per se, for example by precipitation with organic solvents, such 

10 as acetone, filtration and washing, extraction in a suitable solvent, dialysis or ultrafiltration, 
ultrafiltration being especially preferred. B)| means of that purification process the 
prepolymers can be obtained in extremely pure form, for example in the form of concentrated 
aqueous solutions that are free, or at least substantially free, from reaction products, such as 
salts, and from starting materials, such as. for example, non-polymeric constituents. 

15 The preferred purification process for the prepolymers used in the process according 

to the invention, ultrafiltration, can be carriqd out in a manner known per se. It is possible for 
the ultrafiltration to be carried out repeatedly, for example from two to ten times. 
Alternatively, the ultrafiltration can be carried out continuously until the selected degree of 
purity is attained. The selected degree of purity can in principle be as high as desired. A 

20 suitable measure for the degree of purity isjfor example, the sodium chloride content of the 
solution, which can be determined simply in a known manner, such as by conductivity 

measurements. ] 

One additive that is added, where appropriate, to the solution of the prepolymer is an 

initiator for the crosslinking, should an initiator be required for crosslinking the crosslinkable 

i 

25 croups. Moreover, it may be desirable to employ different crosslinking means for 

i 

crosslinking component A to component B jand for crosslinking component B to other 
component B's after they are attached to component A's. For example, it may be desirable to 

employ salt crosslinking for crosslinking component A to component B but to employ redox 

I 

initiated free radical crosslinking for crosslinking components B. 
30 Single Component Embodiment \ 

In the single component embodiment, a prepolymer is used to produce the hydrogel. 
The prepolymer includes a PVA backbone having pendant chains having a degradable region 
and crosslinkable group. In this embodiment, as opposed to the two component embodiment, 
the biodegradable regions are attached to trie PVA backbone to form a prepolymer prior to 
crosslinking of the prepolymer into a hydrogel. It is desired that at least a majority of the 
crosslinkable groups are attached to the polymer via the degradable region. The prepolymer 

j 

! 12 



WO 01/44307 



PCT/US00/42190 



when polymerized results in a crosslinked network that is permeable to water but water 
insoluble. This crosslinked PVA network has degradable segments in between the crosslinked 
moieties. As such, hydrolytic/enzymatic degradation of these degradable segments would 
result in the degradation of the entire network, or a degradable PVA system. 

5 The degradable segment may be attajched to the backbone in two ways. One method 

involves the preparation of a degradable crosslinker containing both the polymerizable 
segment and the degradable segment, followed by its attachment to the PVA backbone. The 
attachment of the degradable crosslinker to jthe backbone can be done by suitable 
functionalization of pendant hydroxy! groups on the PVA backbone and/or the degradable 

10 crosslinker. 

A second method involves the attachment of the degradable segment first to the PVA 
backbone, following which the crosslinkabje moiety is attached to the degradable segment. 
The ease of synthesis as well as the type off degradable segment and crosslinker used 
determines the type of method used. The choice of a suitable degradable segment, its length 
15 and loading dictate the final degradation pijofile achieved, although this is also a function of 
certain environmental factors such as pH. ^emperature and buffer concentrations. 

The PVA Backbone 

Generally, the requirements for the PVA in this embodiment are the same as for the 
two component embodiment. Polyvinyl alcohols) which can be used as prepolymer 

20 backbones are commercially available PVAs. for example Vinol® 107 from Air Products 
(M W=22.000 to 3 1.000, 98-98.8 % hydroflyzed), Polysciences 4397 (MW=25.000. 98.5 % 
hydrolyzed). BF 14 from Chan Chun. Elvanol® 90-50 from DuPont and UF- 120 from 
Unitika. Other producers are. for example. Nippon Gohsei (Gohsenol & ). Monsanto 
(Gelvatol®). Vv acker (Polyviol®) or the Japanese producers Kurarav. Deriki. and Shin-Etsu. 

25 In some cases it is advantageous to use Mowiol® products from Hoechst. in particular those 
of the 3-83. 4-88. 4-98. 6-88, 6-98. 8-88. 8-98, 10-98. 20-98. 26-88. and 40-88 types. 

It is also possible to use copolymers of hydrolyzed or partially hydrolyzed vinyl 
acetate, which are obtainable, for example, as hydrolyzed ethylene-vinyl acetate (EVA), or 
vinyl chloride-vinyl acetate, N-vinylpyrnblidone-vinyl acetate, and maleic anhydride-vinyl 

30 acetate. If the prepolymer backbones are! for example, copolymers of vinyl acetate and 

vinylpyrrolidone. it is again possible to ijse commercially available copolymers, for example 
the commercial products available underfthe name Luviskol® from BASF. Particular 
examples are Luviskol VA 37 HM. Luviskol VA 37 E and Luviskol VA 28. If the prepolymer 
backbones are polyvinyl acetates, Mowilith 30 from Hoechst is particularly suitable. 

35 The PVA should preferably have a molecular weight of at least 1 0,000. As an upper 

limit, the polyvinyl alcohols may have a molecular weight of up to 1,000,000. Preferably, the 

I 13 



WO 01/44307 PCT/US00/42190 

polyvinyl alcohols have a molecular weight of up to 300.000. especially up to approximately 
100.000 and especially preferably up to approximately 30.000. 

PVAs usually have a poIy(2-hydroxyj)ethylene structure. The PVA may. however, 
also comprise hydroxy groups in the form of 1,2-glycols. 
5 The PVA system can be a fully hydrolyzed PVA. with all repeating groups being - 

CH:-CH(OH), or a partially hydrolyzed PVA with varying proportions (25% to 1%) of 
pendant ester groups. PVA with pendant estier groups have repeating groups of the structure 
CH : -CH(OR) where R is COCH 3 group or longer alkyls. as long as the water solubility of the 
PVA is preserved. The ester groups can also be substituted by acetaldehyde or butyraldehyde 

! 

! 

10 acetals that impart a certain degree of hydrophobicity and strength to the PVA. For an 

application that requires an oxidatively stable PVA. the commercially available PVA can be 
broken down by NalCVKMnCXj oxidation to yield a small molecular weight (3-4K) PVA. 

The PVA is prepared by basic or acidic, partial or virtually complete hydrolysis of 
polyvinyl acetate. In a preferred embodiment, the polyvinyl alcohol derivatized in accordance 

15 with the invention comprises less than 50% of vinyl acetate units, especially less than 20% of 
vinyl acetate units. Preferred amounts of residual acetate units in the polyvinyl alcohol 
derivatized in accordance with the invention^ based on the sum of vinyl alcohol units and 
acetate units, are approximately from 3 to 20%. preferably approximately from 5 to 16%. 
Degradable Region f 

20 Generally the same degradable regions can be used as are described above for the two 

component embodiment. The PVA based hydrogels can be designed to degrade as fast as an 
hour to a day (with cross linkers containing rapidly degradable segments such as HEM A- 
glycolate and HEA-glycolate). to a few days or more than I year, with degradable segments 
such as 3-ester or 5-ester methacrylates or acrylates (for example, using mono-2- 

25 (methacryloyloxy)ethyl succinate (a 3-esterhethacrylate). or mono-2-(Acryloyloxy)ethyl 
succinate (AOES. a 3-ester acrylate). The desired degradability can be achieved using an 
appropriate degradable region, an appropriate region length, by varying the hydrophobicity of 
the network with pendant groups, and by varying the density or loading of the degradable/ 
crosslinking chains. 

30 Crosslinkable Groups 

The crosslinkable groups that can be used in the single component embodiment are 
the same as those described above with respect to the two component embodiment. 
Modifiers j 

The prepolymers can include further modifier groups and crosslinkable groups such as 
35 those described in U.S. Patent No. 5.932,674. Crosslinkable groups and the optional further 
modifier groups can be bonded to the prepdlymer skeleton in various ways, for example 
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through a certain percentage of the 1.3-diol uijiits being modified to give a 1.3-dioxane. which 
contains a crosslinkable radical, or a further rnodifier, in the 2-position. Modifiers that might 
be attached to the hydroxyls include those to modify the hydrophobicity. active agents or 

i 

groups to allow attachment of active agents, photoinitiators, modifiers such as polymers or 
5 molecules to enhance or reduce adhesiveness- polymers to impart thenmoresponsiveness. 

polymers to impart other types of responsiveness, and additional crosslinking groups. 

Methods of Making Biodegradable PVA Hydrogels from a Single Component 

The prepolymers can be made in at least two ways. In one method, a degradable 

crosslinker containing both the polymerizabfe group and the degradable region is prepared, 
i o followed by its attachment to the PVA backbone. The attachment of the degradable cross 

linker to the backbone can be done by suitable functionalization of pendant hydroxyl groups 

on the PVA backbone and/or groups on the degradable cross linker. In a second method, the 

degradable segment is first attached to the PjVA backbone, following which the cross linkable 

moiety is attached to the degradable segment. 
1 5 The methods for attaching the crosslinkable group to the degradable region and for 

attaching the degradable region to the PVAfwill vary according to the type of crosslinkable 

group and degradable region used. One skfiled in the art will be capable of designing a 

synthetic scheme. 

Degradable glycolide or lactide based crosslinkers can be prepared according to the 

20 reference Furch, M. et al.. Polymer. 39(10^:1977-1982 (1998). It should be noted that this 
experimental procedure offers several advantages. First, a variety of degradable segments 
derived from glycolide, lactide, caprolactone. cyclic anhydrides, etc. can be prepared each ot 
which provides a specific degradation profile. Second, this technique also allows for a " I - 
step ;: synthesis of a degradable cross linker by simple control of the initial "feed ratio" of 

25 monomer to initiator. Third, by supplying feed of different monomer types and monomer 
ratios, one could prepare a variety of random or block copolymers to achieve a specific 
degradation pattern. Fourth, one could incorporate end cappers such as succinic anhydride in 
the initial monomer feed to prepare acid-terminated segments, thereby eliminating an 
additional synthetic step. 

30 Methods for Using the Prepolymers and Hydrogels 

The hydrogels can be used for a number of biomedical applications, including, but not 
limited to. implants, embolic agents, wound healing dressings, adhesion prevention, sealants, 
bulking agents, coatings for biomaterials, and delivery of biologically active compounds such 
as drugs, genes, proteins, and enzymes. 

35 In one embodiment, a hydrogel is| formed from the prepolymers prior to implantation 

in or application or administration to a patient. In another embodiment, a hydrogel is formed 
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in situ at the intended site of use. By way of [example, a soft tissue implant can be formed by 
injecting a solution of prepolymers into the sjte where the implant is to be formed, along with 
the second component if the two component embodiment is used. Crosslinking ot the 
prepolymers is initiated to form the hydrogelf Bulking agents and embolic agents can be 

5 similarly formed. The compositions can also be used to create tissue supports by forming 
shaped articles within the body to serve a mechanical function. Such supports include, for 
example, sealants for bleeding organs, sealants for bone defects and space-fillers for vascular 
aneurysms. Further, such supports include strictures to hold organs, vessels or tubes in a 
particular position for a controlled period of time. 

]o The compositions can be applied in a! number of ways, such as injection, via catheter 

by spray, by pouring or spreading on a surface. 

The composition can be used for encapsulation of various agents, such as therapeutic, 
diagnostic and prophylactic agents. For example, the compositions can be used to deliver an 



active agent which can be any of a variety o 
nucleic acids, and inorganic and organic bio 



"materials, including proteins, carbohydrates, 
ogically active molecules. Specific examples 



include enzymes, antibiotics, antineoplastic agents, local anesthetics, hormones, 
antiangiogenic agents, antibodies, neurotransmitters, psychoactive drugs, drugs affecting 
reproductive organs, and oligonucleotides such as antisense oligonucleotides. Cells, tissues, 
and organelles can also be encapsulated. 
20 In a variation of the method for controlled drug delivery, the prepolymers are 



polymerized with the biologically active ma 



erials to form microspheres or nanoparticles 



containing the biologically active material. The macromer, photoinitiator, and agent to be 
encapsulated are mixed in an aqueous mixture. Particles of the mixture are formed using 
standard techniques, for example, by mixing in oil to form an emulsion, forming droplets in 
5 oil using a nozzle, or forming droplets in air using a nozzle. The suspension or droplets are 
irradiated with a light suitable for photopolvmerization of the macromer. 

The present invention will be further understood by reference to the following non- 
limiting examples. | 

i: 

Examples 

o Moderate to Slow Degrading Systems 

Hydrogels having moderate to siowjdegradation times, ranging from a few days, to 
months, to a year were prepared. Degradation profiles are shown in Tables 1 and 2. 

Example 1: Preparation ofDegradahle PVA containing 3-ester acrylate cross 

linker. 

;5 3-ester acrylate modified PVA wasjprepared having 0.5 to 1 .8 milliequivalents of the 

I 

side chain per gram of PVA (meq/g). The following recipe is for 1 .0 meq/g. The proportion 
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of cross.in.cer chain to PVA was adjusted to prepare prepolymers with other m eq/g. Dried 
m0n o--(acrvlovloxv)ethy. succinate (AOESl 2.3 g. 10.6 mmo.es) in dichloromethane (DCM, 

mL> was maintained under nitrogen at ab<j>ut 5'C. One glass stopper was removed and 
replaced with a rubber septum. Dicyclohexyjlearbodhmide (DCC) so.uiion (5 mL. 5 mmo.es) 
< was removed from the sure seal bottle by syrjinge under nitrogen now. The DCC so.uuon 
was added to the AOES solution slow.y ovej about 2 minutes. A precipitate termed almost 
immediately. After complete addition of the| DCC so.ution. the flask was removed from the 
ice bath and the solution was surred at room temperature. The reaction was followed by the 
d.sappearance of the DCC peak at about 2.16 cm'. The reaction was done ,n less than 2 
10 hours. 

When the reaction was complete, the dicyclohexylurea (DCU) byproduct was 
removed bv filtration through a glass frit. The precipitate was rinsed with a htt.e DCM and 
the DCM was removed from the filtrate us.hg the rotary evaporator. About 5 mL or more of 
DMSO was added as needed in order to dissolve the anhydride. At this time. 29.4 g ot an 
„ 1 8% PVA solution in DMSO was added. The PVA used was Mowiol 3-83. Upon addition 
of the PVA solution, some polymer may precipitate. If this does occur, stir the solution unt.1 
the solution is homogenous. Heating the solution to 60°C may be required. When the 
so.ution was homogeneous. 5 drops of thiamine was added. The so.ution was surred at 
room temperature overnight. The following day, the so.ution was heated to 60X for 1 hour. 
, 0 The solution was precipitated into a 10-folli excess of acetone (vs. volume of DMSO). 

Additional DMSO may be needed to diluftj the solution so the polymer is able to precp.tate 
adequately. About 12-15% solids is appropriate. 

Formulation, casting, and curing of degradablc PVA 
A 20% solution of the degradable PVA prepolymers in water was prepared with 0.3% 
,s Iroacure. The m-xture was warmed to 60"C tor about 1 5-30 minutes until the po.ymer 

completed disso.ved. To prepare flats. Idrops of the po.ymer so.ution were transferred ,nto 
a polypropylene mold, the mold was closed, and the solution was irradiated for 20 seconds 
(2 0-2 5 m W/cm 2 at 3 1 0 nm. and intensity! of 65-75 m W/cnr at 365 nm). Plugs were 
prepared by adding 35 drops of the formulation to the open male end of the polypropylene 
30 mold and irradiating under the same conditions. The cross linked gels were analyzed for 
degradation profiles. 
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Protocol for In vitro Degradation Experiments 
A 10 mM HEPES solution at pH 7.4 jwas prepared containing 0.200 g/L sodium azide. 
T he phosphate buffer used was a 100 mM solution at pH 9.0 containing 0.200g/L sodium 
azide. | 
5 Determination of Initial Wet Weight 

Prior to the degradation experiment, the gels were stored in USP water at 4°C. A gel 
sample was removed from solution using smjall forceps. The excess water was removed from 
the gel by touching the sample to the side ofjthe beaker. The sample was then placed in a 
vial, the lid placed on the vial and weighed qn a 4-place balance. 
10 Determination of the initial dn> weight 

After the wet weight of the samples ijias been determined the lid was removed and the 
samples were exposed in order tor it to startb dry. A few pieces of dry ice were placed in a 
small Dewar flask. Ethanol was slowly addki to the dry ice. Wait until the evolution of C0 2 
has slowed before beginning. The vial was held without the lid using crucible tongs and 
15 about 1 cm of the bottom of the vial was submerged into the cold ethanol for I minute. At 
this time the vial was removed from the cold ethanol. the excess ethanol was dried from the 
bottom of the vial using a paper towel and the vial was placed in the freezer and kept there for 
at least I hour. The samples were placed into the freeze-drier overnight. The next day, the 

;■ 

i 

dried samples were weighed with the lids ori. 
20 General Procedure 

After the weights were determined, 5 mL of the appropriate buffer was immediately 
added using a 10 mL pipet. The lid was replaced and the vial was placed into the appropriate 
oven. 

When a mass measurement was taken, the vial was removed from the oven and 
25 allowed to cool for a few minutes, then a snjiall plastic pipet was used to remove the excess 
water without touching the sample. After all the excess water was removed, ail the excess 
water from the lid and inside the vial was removed without touching the sample. The lid was 
replaced and the weight of the sample was determined as described above for the wet weight 
determination. After this was done, either some fresh HEPES solution was added to the vial 
30 or the sample was freeze-dried and the dry yveight of the sample was determined. 

Figure I illustrates the mass loss ovfer time in pH 7.4 buffer for a hydrogel made from 
a 3-ester acrylate modified PVA at I meq/g crosslinker density. ♦ indicates the degradation 
at 37C: ■ indicates the degradation at 50Ci 

Figure 2 illustrates the mass loss for a hydrogel made from 3-ester acrylate modified 
PVA in pH 9.0 buffer. ■ indicates the degradation at 0.5 meq/g crosslinker density and 50C; 
A indicates the degradation at 0.5 meq/g crosslinker density and 70C; x indicates the 
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decradation a, 1 .0 meq,g crosslinker density and 50C : . indicates the degradation at 1 .0 meq/g 
crosslinks density and 70C: . indicates the degradation at 1 .8 meq/g crosslinker densuy and 
S0C- and I indicates the degradation at 1.8 meq/g crosslinker density and 70C. 

Example 2 : Preparation ofDegraJable PVA containing 3-ester metnacrylatc cross 

5 linker. \ 

The same procedure as Example 1 was followed, using mono-2- 

(methacrvlovloxv)ethvl succinate. 

Figure 3 illustrates the mass loss for la hydrogel made from 3-ester methacrylate 
modified PVA at 1 meq/e crosslinker density in P H 7.4 buffer. ♦ indicates an average wet 
10 weight of four samples at 37C (wet): A indicates the degradation at 50C (wet): - indicates 
the deeradation at 37C (dry): and x indicates the degradation at 50C (dry). 

Example 3: Preparation of Degradable PVA containing 5-ester acrylate cross 

linker. 

AOES (3 a. 13.88 mmoles) and ethylene glycol (4.308 g . 69.4 mmoles) were dried. A 
, , few milligrams of dimethylaminopyridine (DMAP) was added to the solution. The solution 
was cooled to 4 n C. and 1 M DCC solution (13.88 mLl 3.88 mmoles) was added over 25 
minutes. At this time the solution was removed from the ice bath and stirred at room 
temperature for 4 hours. The DCU precipitate was removed by filtration and the filtrate was 
extracted with 5% HCI . 2 x 75 mL). 1 M NaHCO-, (2 x 75 mL) and deionized water (2 x 5 
,0 mL). The organic phase was dried with MgSO,, the MgSO, was filtered, and the filtrate 

concentrated under reduced pressure. The product was dried overnight in a vacuum oven at 
room temperature. 

The product of the above reaction [fj.915 g, 3.52 mmoles) was dissolved in 10 mL of 
dichloroethane (DCE). Succinic anhydride (0.352 g. 3.52 mmoles) and l-methylimidazole 
(72 nL) was added to the solution. The solution was heated to 60 C for 3 hours, then cooled 
to room temperature, and extracted with 10% HCI (2 x 50 mL) and deion.zed water (2 x 50 
mL). The organic layer was dried using ^gS0 4 . the MgSO, was filtered, and the filtrate 
concentrated under reduced pressure. Tbk product was dried in a vacuum oven overnight at 
room temperature. >H NMR CDC1 3 (vinyl, 6.4 ppm (d), 6.2 ppm (q), 5.8 ppm (d); CH 2 of 
30 ethylene glycol. 4.2-4.4 ppm: CH 2 of succinic acid. 2.6-2.8 ppm). FT-1R (COOH. 2300-3600 
cm' 1 ; ester, 1732 cm" 1 : vinyl, 2957. 1636 [cm - '). 

5-ester acrylate having 3 meq/g adetal was prepared similarly. 
Figure 4 illustrates the mass loss for a hydrogel made from 5-ester acrylate modified 
PVA at I meq/g crosslinker density in lJ mM HEPES buffer at P H 7.4 and pH 9.0. ♦ 
3 s indicates the degradation at 37C and pH 7.4: - indicates the degradation at 37C and pH 9.0: 
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▲ indicates the degradation at 70C and pH 7.4; and \ indicates the degradation at 70C and 
pH9.0. \ 

Figure 5 illustrates the mass loss fbrja hydrogel made from 5-ester acrylate modified 
PVA at 1 meq/g crossiinker density in 0.1 M phosphate buffer at pH 7.4 and pH 9.0. ♦ 
5 indicates the deeradation at 37C and pH 7.4; ■ indicates the deeradation at 37C and pH 9.0; 

! 
I 

▲ indicates the degradation at 70C and pH {7.4; and x indicates the deeradation at 70C and 
pH9.0. | 

Example 4: Preparation of Degradable PVA containing carhoxyethylacrylate cross 

i 

linker, 

lo The same procedure as Example 1 was followed using carboxyethylacrylate and 3-83 

PVA at LO meq/g. | 

i 

Example 5: Preparation of Degradable PVA containing vinyl azlactone cross 

i 

linker. \ 

i 

The same procedure as Example 1 Was followed using vinylazlactone and 4-88 PVA 
15 at 1 .0 meq/g. Azlactone-modificd PVA was prepared according to the literature reference 
Muhlebach. A. el. aL J. Polym. ScL Polyri Chem. Ed 1997. 35, 3603-361 1 . 

Example 6: Preparation of Degradable PVA containing J OK PEG diazlactone 
cross linker, 

PEG 10K diol (10 g) was dissolved in 52 mL DCM. The material was dried by reflux 
20 of DCM through molecular sieves for an hour. Vinyl azlactone (0.5105 g, 0.0037 moles) was 
added to the PEG solution, followed by 20 \i\ of l.8-diazabicyclo{5,4,0}undcc-7-ene (DBU). 
The solution was heated under reflux for 24 hours. After the solution cooled, it was poured 
into 500 mL of hexane. The precipitate was filtered and dried in a vacuum oven at room 
temperature overnight. [ 
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Note 1 : gels no. completely degraded, but junable to remove buffer solution without removing 

the pieces of gel. 

Note 2: The sample held its shape for 4 *}ys at 70°C. but lost its shape when cooled to room 
temperature 
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Table 2: Days 10 Complete Degradation in 10 mM HEPES Buffer 



Crosslinker 


davs at 
pH 7.4 
37°C 


— i 

days at 
pH 9.0 
37'C 


1 

davs at i 
pi I 7.4 

70°C 1 


days at 
pH9.0 
70°C 


Comments 


3-ester 
methacrylate 
( 1 meq/g) 


>28l !- 
1 

i 


94-104 

| 

i 
I 




33% mass increase in 
274 days j 

1 : 

i i 


3-ester aery late 
(1 meq/g) 


>273 






1 1 ! ; 73% mass increase in , 
272 days 


5-ester acrylate 
(1 meq/g) 


178 


15-17 


13 j 


2.5 i Some sample pieces 
1 left 



Fast degrading systems [ 

- — ■ — - i 

5 Hydrogels having fast degradation times, ranging from hours to a day were prepared. 

Degradable glycolide cross linkers were prepared according to the reference Purer.. M. et al.. 
Polymer. 39( 10): 1 977- 1 982 ( 1 998). 
Materials : 

Glycolide obtained from PolySciences was used as received. Hydroxyethyl acrylate 
10 (HEA) and Hydroxyethyl methacrylate (HEMA) were dried over molecular sieves (4 A) and 
distilled under reduced pressure before use. Triethyl aluminum (EuAl. 1M solution in 
hexane) was obtained from Aldrich and used as received. Triethyl aluminum (Et 3 Al, 2M 
solution in toluene) was obtained from Aldrich and used as received. Anhydrous methylene 
chloride (DCM, >99.9%. Aldrich). anhydrous DMSO (Aldrich), and diethyl ether were used 
15 as received. All glassware was dried in the oven, and flame dried under nitrogen flow before 
use. All transfers were done under strictlyjanhydrous conditions via syringe or cannula. 

Example 7: Preparation of Degradable PVA containing HEMA Glycolate-COOH 

cross linker. \ 

Preparation of HEMA-Glvcolate-GO OH cross linker 
20 HEMA-glycolate-OH (F.W. 246gjmol, 5g, 20 mmol) was taken in a 3-necked flask 

fitted with a water condenser. Succinic anhydride (3.15 g, 30.5 mmol). a pinch of 4- 
methoxyphenol. and 200 mL of anhydrouj dichloroethane (DCE) were added to the above 
reaction flask and the contents were stirreji. 1 -methyl imidazole(3.5 mL. 44 mmol) was 
added to the above reaction flask and the contents were stirred overnight (~1 8h) at 70 C 

j 

25 using an oil bath. The mixture was cooled to room temperature and transferred to a 

separatory funnel. The contents were washed with 10% HCI (2x100 mL), followed by Dl 
water (2x100 mL). Saturated NaCI was ijsed to break up any emulsions in the course of the 
work up. The organic layer (DCE) was separated, dried over MgSCv and the MgSO, filtered 
off. The filtrate was concentrated on a rotary evaporator to yield the HEMA-glycolide- 

30 COOH product as yellow oil. The product was characterized by IR. Proton NMR and Carbon 
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NMR spectroscopy. 'H NMR (CDCI,) 6.3 ppm <d. I H) of vinyl. 5.6 ppm <d. IH) of vinyl, 
4.6-4.8 PP m (m, 4H) of CH 2 of glycolate uni). 4.4 ppm (m. broad. 4H) includes CM; groups 
of HEMA. 2.6-2.8 ppm <m. 4H) of succinicjanhydride end-capper. 2.0 ppm (s, 3H) of CH, 
uroup of HEMA. 

, " P ~ r ,^nf tradable Pl'A conkmimLHE^ ^ 

The HEMA-olycolate-COOH cross linker was attached to PVA by the following 
procedure. 60 mL of DCM was taken in a (lame dried 3-necked fiask fitted with a Soxh.et 
and a condenser (attached to the Soxhlet). the Soxh.et was pre-fi.led with dry molecular 
sieves The contents were refluxed for lA The HEMA-g.yco.aie-COOH (F.W. 346 g/mol. 
10 . 0 - 5 8 mmol) in 20 mL of anhydrous D*M was added to the reaction flask by synnge and 
the contents were eently refluxed for an additional 0.5h. The contents were cooled to room 
temperature and dicvclohexyicarbodiimide ( 1 M solution in DCM. 2.9 mL. 2.9 mmol, was 
added in drops to the reaction flask by syringe. The mixture remained clear but turned turbtd 
in a few minutes due to the precip.tat.cn oljthe d.cyclohexy. urea byproduct. The contents 
, 5 were stirred at room temperature for 3h. art* the reaction was followed tor completion by IR 
analysis. The contents were filtered to renjove the urea byproduct and the filtrate was 
concentrated on a rotary evaporator. The residue obtained after concentration is the 
anhydride of HEMA-glycolate-COOH. This product was taken in about 100 mL of 
anhydrous DMSO and the contents were stirred. 
20 Polyvinyl alcohol) [PVA 4-88. l^g, 20% solution in anhydrous DMSO] was taken 

in a dry flask and 80 mL of DMSO was aided to the flask by cannula. Triethyl amine (2 mL) 
was added to the PVA solution and the contents were stirred for ~5 minutes. Following this, 
the anhydride product in DMSO (prepared above) was cannulated in drops to the PVA 
solution with rapid stirring. The contentsjwere stirred overnight at room temperature, and 
25 then for 2h at 60 °C using an oil bath. Tlje contents were cooled to room temperature and the 
DMSO solution of PVA was precipitatedjinto acetone (DMSOiacetone was 1:10, v/v) in 
drops with rapid stirring. A fine white precipitate was obtained that was isolated by filtration 
or centrifuging process (dependent on the type of precipitate obtained). The precipitate was 
then dried under vacuum to yield a dry white fibrous solid which is the degradable PVA 
3c containing the HEMA-glycolate cross Infer (loading of degradable segment on PVA .s 1 

meq/g). j 

Formulation, casting, and curing of degradable PVA 

A 30% solution of the degradablj PVA prepolymer in water was prepared with 1% 
Injure. The mixture was warmed to 6 j)T for about 1 5-30 minutes until the polymer 
35 completely dissolved. The polymer solution was then transferred into polypropylene molds 
and UV irradiated for 30 seconds (2.0-2(5 mW/cm 2 at 3 10 ran. and intensity of 65-7> 
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25 



mW/cm : at 365 nm) to yield a cross linked gel that was analyzed for degradation profiles. 

The degradation profiles were determined as described below. After U V irradiation, the flats 

were placed in a suitable buffer at a specific temperature and the time to dissolution was 

determined. A static set up was used. 

The degradation times of this hydrogel in various buffers at various temperatures is 

shown in Table 3. The phosphate buffer usecji was a 100 mM solution at pH 9.0 (with 0.2% 

NaN 3 ). The HEPES buffer used was a 1 0 mM solution at pH 9.0 (without 0.2% NaN3). 

Materials used were flats that were cured by jjV light for 30 seconds, in polypropylene molds 

of 246 urn thickness. Loading of cross linker groups (XL) on PVA was 1 meq/g 

Table 3. Degradation of |PVA-glycolate-XL] as a function of buffer type and 
temperature 



Buffer 


Temperature 


Buffer 


, 

Time to Degradation 


Gel Form ! 




(°C) 


Volume (mL) : 


(hours) 


i 


Phosphate 


37 


i io li 


5.50 


Dissolved j 


Phosphate 


37 


I0 


5.50 


Dissolved I 


Phosphate 


50 


10 


3.50 


Dissolved 


j Phosphate 


. 32 


10 


3.50 


Dissolved 


Phosphate 


70 


10 I 


3.35 


Dissolved 


Phosphate 


70 


io ! 


3.35 


Dissolved 


HEPES 


37 


10 [ 


29.0 


Dissolved 


i HEPES 


I IT 


10 


29.0 


Dissolved 


HEPES 


, 50 


10 


20.0 


Dissolved 


i HEPES 


50 


10 


20.0 


Dissolved 


1 HEPES 


! 70 


10 


3.33 


Dissolved 


! HEPES 


i 70 


10 


3.33 


Dissolved 



Example 8: Preparation of Degrkdable PVA containing HEA-GIycotate cross 



linker. 



Synthesis of HEA-Glvcolaie-OH 

60 mL of DCM and Et 3 AI solution iji toluene (2 M solution. 1. 5 mL, 3 mmol) were 
placed in a flask that had been flame dried afnd purged with nitrogen, and equipped with a 
rubber septum. The contents in the flask w<*re cooled to 0 C for about 1 5 minutes. Under 
vigorous stirring, freshly distilled hydroxyethyl acrylate (HEA) (0.4 mL 3 mmol) in 15 mL 
of DCM was added by cannula to the flask bontaining the Et 3 Al solution. The color of the 
solution turned yellow on addition of the HEA and stayed yellow for a few seconds. The 
contents were stirred at 0 °C for 10 minutesjand then at room temperature for lh. The flask 
was then transferred to an oil bath and stirred at 40 °C for an additional 30 minutes. 
Glycolide (3.5g, 30 mmol) was quickly weighed out into a clean dry flask with a stir bar and 



the flask was sealed with a rubber septum. 



About 90 mL of DCM was cannulated into the 



flask containing the glycolide and the contents were stirred to effect dissolution. The 
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Hvco.ide solution was then cannulated into the flask contain.ng the HE A- Et.-.Al solution at 
40 C The contents of the flask remained clear during this addition but became turb.d w.th 
progress of the react.on. The contents were allowed to stir tor 20 h at room temperature. At 
the end of the react.on. tritluoroacetic acid (in this case. 120 mL) was added to the react.on 
, m.xrure with vigorous stirring until most of the prepolymer dissolved (externa, cooling may 
be employed at this staee of the react.on if necessary). On add.tion of the tr.fluoroacet.c ac.d. 
lh e turbid mixture became .ncrcasing.y translucent. The mixture was then filtered through a 
coarse frit funnel and precipitation of the nitrate was checked in diethyl ether. The ent.re 
llltrate (about 230 mL) was added in drops to diethyl ether (800 mL) with rapid st.rr.ng to 
l0 vield a while precipitate. The precipitate was filtered using a frit funnel under asp.rator 

pressure and the product was dried in a vacuum oven overnight at room temperature. Carbon 
NMR and Proton NMR characterization confirms the formation of the product i.e. HEA 
attached to 20 alveolate units (from 10 g.ycolidc units). 'H NMR (CDC* / CRCOOD 
mixture) 6.6 ppm (d) of vinyl. 6.2 ppm (q) of vinyl. 6.0 ppm (d) of vinyl. 5.0 ppm (m. broad) 
,5 of CH 2 of glycolate unit. 4.4-4.6 ppm (m. broad) includes CH : groups of HEA and CH 2 OH ot 
last alveolate segment of macromer. 

' ' This degradable cross linker could be attached to the PVA backbone by isocyanate 
coupling reaction between the hydroxyl groups. A suitable diiisocyanate such as HMD1 
(hexamethylene diisocyanate) or 1PDI (isophorone diisocyanate) can be employed for this 



20 reaction. 
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1 . 

Example 9: Preparation of Degradable PVA containing HEMA -Glycolate cross 

linker. 

Synthesis ofHF^A-Glvcoluie-OH 
120 mL of DCM and EhAl solution in hexanc ( 1 M solution. 28.8 mL. 29 mmol) 
were placed in a nask that had been flame dried and purged with nitrogen, and equipped with 
a rubber septum. The contents in the flask were cooled to 0 'C for about 1 5 minutes. Under 
vigorous stirring, freshly distilled HEMA (3.5 mL. 29 mmol) in 30 mL of DCM was added 
bv cannula to the flask containing the Et 3 Al solution. The color of the solution turned yellow 
on addition of the HEMA and stayed yelliw for a few seconds. The contents were st.rred at 0 
°C for 10 minutes and then at room temperature for Ih. The flask was then transferred to an 
oil bath and stirred at 40 C for an additional 30 minutes. Glycolide (3.4 g, 29 mmol) was 
quicklv weighed out into a clean dry flask with a stir bar and the flask was sealed w.th a 
rubber septum. About 120 mL of DCM Was cannulated into the flask containing the 
olycolide and the contents were stirred toleffect dissolution. The glycolide solution was then 
cannulated into the flask containing the HEMA- EtjAl solution at 40 C. The contents of the 
flask remained clear during this addition but became turbid with progress of the react™. The 
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temperature. At the end of the reaction the 
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contents were allowed to stir for 20 h at roomj 
mixture was cooled to 0 *C in an ice bath andftrirluoroacetic acid (100 mL) was added to the 
reaction mixture wiih vigorous stirring until most of the prepolymer dissolved. The mixture 
was then stirred at room temperature for an additional 10 minutes. On addition of the 
trifluoroacetic acid, the turbid rmxture became increasingly translucent. The mixture was then 
filtered throueh a coarse frit funnel and the filtrate was concentrated in a rotary evaporator to 
remove all solvents (DCM, TFA. Hexane). The product was a yellow liquid. One method of 
purification is column chromatography using silica gel with DCM.diethyl ether mixture 
(80:20. v/v) as the eiuting solvent mixture. |s column chromatography can be time 
consuming, a differential solubility Kchniquje was developed to separate the HEMA-glvcolate 
product from the catalyst byproduct. It shotlld be noted that both purification methods 
resulted in produc.s that had identical characterization results by TLC and NM R techmques. 
For the differential solubility purification method, the HEMA-glycolate product (yellow 
liquid) was added slowly into dichloroethanje to precipitate the unwanted byproduct. The 
HEMA-slycoiate product rema.ns in solution and can be separated from the solid byproduct 
by filtration. The filtrate is then concentrated on a rotary evaporator under reduced pressure. 
The product is a yellow liquid that is dried In a vacuum oven overnight at room temperature. 
Carbon NMR and Proton NMR characterization confirm the formation of the product Le. 
HEMA attached to 2 glycolate units (from 1 glycolide unit). *H NMR (CDCI 3 / CF3COOD 
mixture) 6.3 ppm (d. 1H) of vinyl. 5.8 ppnj (d. 1H) of vinyl. 5.0 ppm (m, 2H) of CH; of 
glycolate unit. 4.4-4.6 ppm (m. broad. 6H) includes CH 2 groups of HEMA and CH,OH of last 
glycolate segment of oligomer. 2.0 ppm (sj 3H) of CH 3 group of HEMA. GFC analysis was 
done of the starting material (HEMA). the product HEMA-glycolate-OH. and the product 
spiked with HEMA. Analysis of the plots |shows the presence of the product and the absence 
of the starting material, HEMA. Also. GC^MS analysis was done of the starting material 
(HEMA). the product HEMA-glycolate-OH. and the product spiked with HEMA. An 
evaluation of the plots show 3 peaks for trie product, which correspond to the major 
molecular weight fragments (M T ions) frorL the HEMA-glycolate-OH product. No peaks 
corresponding to unreacted HEMA are seen. 

This degradable cross linker could|be attached to the PVA polymer as described 

above in Example 8. [ 

Example 10: Insitu synthesis qf)HEMA-giycolate-COOH 
70 mL of DCM and Et 3 AI solution in hexane (1 M solution. 14.5 mL. 14.5 mmol) 
were placed in a flask that had been flami dried and purged with nitrogen, and equipped with 
a rubber septum. The contents in the flask were cooled to 0 *C for about 1 5 minutes. Under 
vigorous stirring, freshly distilled HEMa|(I .75 mL. 14.4 mmol) in 30 mL of DCM was 
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added bv cannula to the flask containing the L„AI solution. The color of the solution turned 
vdlow on addition of the HEA and stayed yellow for a few seconds. The contents were 
stirred at 0 'C for 1 5 minutes and then at rooin temperature for 1 h. The flask was then 
transferred to an oil bath and stirred at 40 "Cffor an additional 30 minutes. Glycol.de <>. 1 g. 
, 43 «» mmol) was quickly weighed out into a kan dry flask with a stir bar and the flask was 
sealed with a rubber septum. About 125 mil of DCM was cannulated into the flask 
containing the glvcolide and the contents wire stirred to effect dissolution. The glycol.de 
solution was then cannulated into the flask containing the HEMA- EhAI solution at 40 C. 
, m mediatelv after the cannutation of the g.ybolide was comp.ete. a so.ution of succ.mc 
10 anhydride (1. 5 g- 14.4 mmol) in 60 mL of DCM was cannulated into the reaction flask. The 
reaction m.xture was homogeneous after th* addition of glycohde and succinic anhvdr.de 
so.ut.ons The mixture was stirred for 1 5 njinutes at 40 *C. and then for 20 h at room 
temperature. At the end of the reaction theUture was homogeneous and yellow ,„ color. 
The mixture was coded to 0 "C in an ice bak and trifluoroacetic acid (30 mL) was added to 
the reaction mixture with vigorous stirringj On allowing the reaction mixture to stand, a 
yellowish white precipitate settled to the bottom of the flask and was removed by filtrat.on 
through a coarse frit funnel. The precipitation of the filtrate was checked in diethyl ether. 
The filtrate (about 300 mL) was added in drops to diethyl ether (1200 mL) with rapid st.rr.ng 
to yield a white precipitate. The prccipitati ™ F'^rcd using a frit funnel under aspirator 
pressure and the product was dried in a valuum oven overnight at room temperature. Carbon 
NMR and Proton NMR characterization confirms the formation of the product i.e. HEMA 
attached to glycolate units that are end-capjped with an acid group from the succinic 
anhvdrideend capper. 'H NMR (CDCI 3 /[cF 3 COOD mixture) 6.3 opm (d. 1H) of vinyl. 5.8 
pom (d. 1H) of vinyl. 5.0 PP m (m. 10H) of CH, of glycolate unit. 4.4-4.6 ppm (m. broad. 6H) 
includes CH: groups of HEMA and CH 2 <ff last glycolate segment. 2.8-3.0 PP m (m. 4H) of 
succinic anhvdride end-capper. 2.0 ppm ( j. 3H) of CH, group of HEMA. 

This degradable cross linker could] be attached to the PV A polymer as described 

j 

above in Example 8. 

Modifications and variations of 4 present invention will be apparent to those skilled 
in the art from the foregoing detailed description. All modifications and variations are 
intended to be encompassed by the following claims. All publications, patents, and patent 
applications cited here.n are hereby incorporated by reference in their entirety. 
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What is claimed is: 

1 . A biocompatible hydrogcl formedfby crosslinking a first component comprising a 
prepolymer having at least one pendant chairi bearing a first crosslinking group and a second 

component comprising a biodegradable regicjn. a second crosslinking group capable of 

I 

crosslinking with the first crosslinking grou^ of the prepolymer. and a third crosslinking 
croup capable of crosslinking with another second component wherein the hydrogel degrades 

in vivo. 

2. The hydrogel of claim 1 wherein the hydrogel fully degrades in vivo. 

3. The hydrogel of claim 1 wherein the hydrogel partially degrades in vivo. 

4. The hydrogel of claim I. wherein (the biodegradable region of the second 
component is flanked by the second and thirB crosslinking groups. 

5. The hydrogel of claim 1 wherein the prepolymer comprises a polyvinyl alcohol) 
backbone having a hydroxy! group substituted with the pendant chain bearing the first 
crosslinking group. 

6. The hydrogel of claim 5. wherein! at least one hydroxy! group of the polyvinyl 
alcohol) is substituted with a modifier. 

7. The hydrogel of claim I wherein jcrosslinking of one or more of the first, second, 
or third crosslinking groups can be initiated [by a mechanism selected from the group 
consisting of thermal initiation, redox initiation, photoinitiation, or a combination thereof 

8. The hydrogel of claim 6. wherein the modifier is selected from the group 

i 

consisting of modifiers to change the hydrophobic^ of the hydrogel, active agents and 
groups to allow attachment of an active agent, photoinitiators, modifiers to alter adhesiveness 
of the hydrogel. modifiers to impart thermoresponsiveness to the hydrogel. and additional 

crosslinking groups. [ 

9. A composition for forming a biodegradable hydrogel comprising: a first 
component comprising a prepolymer having at least one pendant chain bearing a first 
crosslinking group; and a second component comprising a biodegradable region, a second 
crosslinking group capable of crosslinking With the first crosslinking group of the 

jr 

prepolymer. and a third crosslinking group ^apabie of crosslinking with another second 
component; wherein the hydrogel formed from crosslinking of the first and second 

i 

components degrades in vivo. 

1 0. The composition of claim 9 wfjerein the first and second components crosslink to 

form a hydrogel that fully degrades in vivol 

11. The composition of claim 9 wherein the first and second components crosslink to 

form a hydrogel that partially degrades in yivo. 
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12. The compos.tion of claim 9. wherfcin the biodegradable region of the second 
component is Hanked by the second and thirdjcrosslinking groups. 

13. The composition of claim 9 wherfin the prepolymer comprises a polyvinyl 
alcohol) backbone having a hydroxyl group substituted with the pendant chain bearing the 

s 

first crosslinking group. : 

14. The composition of claim 9 wherein at least one hydroxy! group of the polyvinyl 

alcohol) is substituted with a modifier. i 

15. The composiiion of claim 9 wherein crosslinking of one or more of the first, 
second, or third crosslinking groups can be initiated by a mechanism selected from the group 
consisting of thermal initiation, redox initiation, photoinitiation. or a combination thereof. 

16. The composition of claim 14. wherein the modifier is selected from the group 
consisting of modifiers to change the hydrophobic^ of the hydrogel. active agents and 
.roups to allow attachment of an active agen^. photoinitiators. modifiers to alter adhesiveness 
or the hydrogel. modifiers to impart thermorj^onsiveness to the hydrogel. and additional 

crosslinking groups. j 

1 7. A method of forming a degradarlle hydrogel at a site in a patient in need thereof 
comprising delivering a prepolymer having least one pendant chain bearing a first 
crosslinking group and a second componentlcomprising a biodegradable region, a second 
crosslinking group capable of crosslinking %Uh the first crosslinking group of the 
prepolymer. and a third crosslinking group japable of crosslinking with another second 
component to the site in the patient, and initiating crosslinking of the first, second, and third 
groups thereby forming the hydrogel. j 

18. The method of claim 17 whereili the hydrogel fully degrades in vivo. 

19. The method of claim 1 7 whereiit the hydrogel partially degrades in vivo. 

20. The method of claim 17, wherein the biodegradable region of the second 
component is flanked by the second and third crosslinking groups. 

2 1 . The method of claim 1 7 wherein the prepolymer comprises a polyvinyl alcohol) 
backbone having a hydroxyl group substituted with the pendant chain bearing the first 

crosslinking group. j 

22. The method of claim 1 7. wherein at least one hydroxyl group of the polyvinyl 

alcohol) is substituted with a modifier, j 

23. The method of claim 1 7 wherein crosslinking of one or more of the first, second, 
or third crosslinking groups is initiated by L mechanism selected from the group consisting of 
thermal initiation, redox initiation, photoin;itiation, or a combination thereof 
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24. The method of claim 22. wherein the modifier is selected from the group 
cons.stina of modifiers to change the hydrophobic^ of the hydrogel. active agents and 
eroups to allow attachment of an active agent, photoinitiators. modifiers to alter adhesiveness 
of the hydrogel. modifiers to impart thermoKsponsiveness to the hydrogel. and addit.onal 

crosslinking groups. 

25. A prepolymer for forming a degVadable PVA hydrogel comprising a PVA 
backbone having at least two hydroxy! groups substituted with a chain comprising a 
degradable region and a erosslinkablc group and at least one hydroxyl group substituted with 

a modifier. f 

26. The prepolymer of claim 25, wherein the biodegradable region is between the 

backbone and the crosslinking group. f 

27. The prepolymer of claim 25, wherein the modifier is selected from the group 
consisting of modifiers to change the hydrophobic^ of the hydrogel. active agents and 
groups to allow attachment of an active agint. photoinitiators. modifiers to alter adhesiveness 
of the hydrogel. modifiers to impart thermfesponsiveness to the hydrogel, and additional 

crosslinking groups. } 

28. The prepolymer of claim 25 wherein crosslinking of the prepolymer can be 
initiated by a mechanism selected from thej group consisting of thermal initiation, redox 
initiation, photoinitiation, or a combination thereof. 

29. A degradable hydrogel formed from crosslinking prepolymers comprising a PVA 
backbone having at least two hydroxyl groups substituted with a chain comprising a 
degradable region and a crosslinkable grofp and at least one hydroxyl group substituted with 
a modifier. 

30. The hydrogel of claim 29. wherein the biodegradable region is between the 

backbone and the crosslinking group. 

31. The hydrogel of claim 29. wherein the modifier is selected from the group 
consisting of modifiers to change the hydfophobicity of the hydrogel. active agents and 
groups to allow attachment of an active agent, photoinitiators. modifiers to alter adhesiveness 
of the hydrogel. modifiers to impart therrjioresponsiveness to the hydrogel. and additional 
crosslinking groups. 

32. The hydrogel of claim 29 whLrein crosslinking of the prepolymers is initiated by 
a mechanism selected from the group consisting of thermal initiation, redox initiation, 
photoinitiation. or a combination thereof] 

33. The hydrogel of claim 29 whferein the hydrogel fully degrades in vivo. 

34. The hydrogel of claim 29 wherein the hydrogel partially degrades in vivo. 
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35. A method of forming a degradabjle hydrogel at a site in a patient in need thereof 
composing delivering a composition comprising prepolymers comprising a PVA backbone 
having at least two hydroxyl groups substituted with a chain comprising a degradable region 
and a crosslinkable group and at least one hydroxyl group substituted with a modifier to the 
site in the patient, and initiat.ng crosslinking of the prepolymers thereby forming the 

hydrogel. ; 

36. The method of claim 35, wherein the biodegradable region is between the 

backbone and the crosslinking group. • 

37. The method of claim 35 wherein the modifier is selected from the group 
consisting of modifiers to change the hydrophobic^ of the hydrogel. active agents and 
uroups fallow attachment of an active agent, photoinitiators, modifiers to alter adhesiveness 
of the hydrogel. modifiers to impart thermoresponsiveness to the hydrogel. and additional 
crosslinking groups. 

38. The method of claim 35 wherein crosslinking of the prepolymers is initiated by a 
mechanism selected from the group consisting of thermal initiation, redox initiation, 
photoinitiation. or a combination thereof ' 

39. The method of claim 35 wherein the hydrogel fully degrades in vivo. 

40. The method of claim 35 wherein the hydrogel partially degrades in vivo. 
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